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MEDICAL ELECTRICAL LEAD SYSTEM INCLUDING PRE-FORMED J- 

SHAPE STYLET 

TECHNICAL FIELD 

[0001] The present invention relates generally to the field of implantable medical 
electrical stimulation and/or sensing leads, and particularly to pre-formed J- 
shape stylets used during transvenous placement of such leads. 

BACKGROUND OF THE INVENTION 

[0002] Implantable medical electrical stimulation and/or sensing leads are well 
known in the fields of cardiac stimulation and monitoring, including cardiac 
pacing and cardioversion/defibrillation, and in other fields of electrical 
stimulation or monitoring of electrical signals or other physiologic 
parameters. An endocardial lead is typically placed through a transvenous 
route to locate one or more sensing and/or stimulation electrodes of the 
lead in a desired location of a chamber or vessel of the heart. Endocardial 
leads are typically advanced through an introducer lumen of an introducer 
extending from a skin incision into a vein, then through a venous pathway 
into the superior vena cava, and then into right atrium, right ventricle or 
coronary sinus or elsewhere depending on the chosen implantation site. A 
typical atrial implantation site is within the right atrial appendage and a 
typical ventricular pacing site is within the trabeculae of the right ventricular 
apex, while left atrial and ventricular implantation sites are accessed 
typically through the coronary sinus. 

[0003] An elongated stylet wire including a proximal handle is often used to 
facilitate implantation of endocardial leads. The stylet wire distal end is 
inserted through a proximal connector pin opening, and the stylet wire is 
advanced through a lead lumen to impart rigidity or column strength to the 
lead, making it easier to advance the lead through the transvenous 
pathway. Additionally a stylet wire may be shaped in order to steer one or 
more electrodes of the lead to a particular implant site. 
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[0004] A pre-formed j-shape stylet is particularly useful in steering a lead to an 
implant site in the appendage of the right atrium. However, once the lead 
electrode is fixed to the implant site, the j-shape stylet must be removed 
from the lead without dislodging the electrode. Consequently, there is a 
need for pre-formed J-shape stylet that performs satisfactorily while 
avoiding dislodgement of the lead upon removal. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The following drawings are illustrative of particular embodiments of the 
invention and therefore do not limit its scope, but are presented to assist in 
providing a proper understanding of the invention. The drawings are not to 
scale (unless so stated) and are intended for use in conjunction with the 
explanations in the following detailed description. The present invention 
will hereinafter be described in conjunction with the appended drawings, 
wherein like numerals denote like elements, and: 

[0006] FIG. 1 is a plan view with partial cut-away sections of an endocardial lead 
in which embodiments of the present invention may be implemented; 

[0007] FIG. 2 is an enlarged section view of a distal end segment of the lead 
shown in FIG. 1; 

[0008] FIG. 3 is a plan view of a distal portion of a pre-formed j-shape stylet wire 
according to one embodiment of the present invention; and 

[0009] FIG. 4 is a plan view of a portion of a pre-formed j-shape stylet wire 
according to an alternate embodiment of the present invention. 

DETAILED DESCRIPTION 
[0010] The following detailed description is exemplary in nature and is not 
intended to limit the scope, applicability, or configuration of the invention in 
any way. Rather, the following description provides a practical illustration 
for implementing exemplary embodiments of the invention. For 
convenience, stylets according to the present invention are described 
herein for implantation of an endocardial screw-in lead of the Bisping-type 
well known to those skilled in the art. Such endocardial screw-in leads 
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include unipolar or bipolar screw-in pacing leads and 
cardioversion/defibrillation leads that support an elongated 
cardioversion/defibrillation electrode. However, it will be understood that 
the present invention may be practiced in conjunction with any type of 
endocardial lead. 

[0011] FIG. 1 is a plan view with partial cut-away sections of an endocardial lead 
in which embodiments of the present invention may be implemented; and 
FIG. 2 is an enlarged section view of a distal end segment of the lead 
shown in FIG. 1. FIG. 1 illustrates an endocardial screw-in lead 10 
including an elongated lead body 12 extending between a connector 
assembly 20 and a distal electrode assembly or head 40; lead body 12 
includes an outer insulating sheath 26, extending between connector 
assembly 20 and distal head 40, an elongated, single filar or multi-filar, 
outer coiled wire conductor 18 disposed within outer sheath 26, an 
elongated inner insulating sheath 54 (FIG. 2) extending within outer 
conductor 18 and an elongated, single filar or multi-filar, inner coiled wire 
conductor 52 disposed within inner sheath 54 and forming a portion of a 
stylet lumen 50. Insulating sheaths 26, 54 may be formed of any 
appropriate electrically insulative biocompatible and biostable material 
know those skilled in the art, for example silicone rubber or polyurethane, 
while conductors 18, 52 may be formed of any appropriate conductive 
material known in the art, for example MP35N alloy. 

[0012] FIG. 1 further illustrates connector assembly 20 including a distal connector 
ring 22, a proximal connector pin 24 and proximal and distal sealing rings 
28' and 28, respectively; connector pin 24 is formed of a metal tube having 
a tube lumen aligned with lumen of the lead body to form stylet lumen 50. 
A removable stylet 30 is shown in FIG. 1 including a proximal stylet knob 
34 and an elongated stylet wire 32 inserted within lumen 50. Connector 
assembly 20 is adapted to be fitted into a bore of an IPG, once stylet 30 is 
removed, to make electrical connections between the connector ring 22 
and pin 24 and IPG connector elements within the bore in a manner well 
known in the art. 
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[0013] Distal electrode head 40, shown in greater detail in FIG. 2, includes a 
proximal pace/sense ring electrode 44 and a distal tip fixation helix 14 
functioning as a distal pace/sense electrode. FIGs. 1 and 2 further 
illustrate inner conductor coupling connector pin 24 of connector assembly 
20 to a conductive helix driver 60 and outer conductor 18 coupling 
connector ring 22 of connector assembly 20 to ring electrode 44 positioned 
just proximal to head 40. Distal fixation helix 14 terminates in a sharpened 
point 16 for penetrating an implant site when fixation helix 14 is advanced 
past a distal end 46 from a chamber 48 within a housing 42 of electrode 
head 40 upon rotation of proximal connector pin 24 with respect to lead 
body 12. A proximal end of distal fixation helix 14 is affixed to a distal end 
of a helix driver 60 coupled to inner conductor 52 and supported within 
chamber 48 by a sealing ring assembly 62 and cylindrical chamber 48 is 
sufficient in length to receive fixation helix 14 retracted therein. 

[0014] During implantation, a stylet wire according to the present invention is 
inserted into lumen 50 imparting a j-shape to a distal portion of lead 10 in 
order to direct head 40 to an implant site, for example in a right atrial 
appendage or elsewhere along another atrial wall. Helix 14 is then axially 
extended distally from distal end 46 to penetrate the endocardium in a 
manner well known in the art. Once lead 10 is fixed at the implant site by 
helix 14, it is necessary to retract the stylet wire from lumen 50 without 
dislodging lead 10 from the implant site. According to embodiments of the 
present invention, presented in FIGs. 3 and 4, retraction forces imparted to 
the lead body 12 are minimized to prevent such dislodgement. 

[0015] FIG. 3 is a plan view of a distal portion of a j-shape stylet wire according to 
one embodiment of the present invention; and FIG. 4 is a plan view of a 
portion of a j-shape stylet wire according to an alternate embodiment of the 
present invention. FIGs. 3 and 4 illustrate two embodiments of stylet wires 
32 and 32', respectively, including a substantially straight distal segment 
38-31 (that is, extending from a distal end point 38 to a point 31), a curved 
intermediate segment 31-35, and a substantially straight proximal segment 
35-36 (that is, extending from a point 35 to a proximal end point 36). FIG. 3 



P-1 0040.00 



PATENT 



-5- 

illustrates stylet wire 32 wherein curved intermediate segment 31-35 
sweeps around approximately 210 degrees, while FIG. 4 illustrates stylet 
wire 32' wherein curved intermediate segment 31-35 sweeps around 
approximately 180 degrees. According to embodiments of the present 
invention radii of intermediate segments 31-35 are empirically selected 
based upon average right heart chamber sizes, so that, for example a 
radius for stylet wires 32, 32' is approximately 0.5 inch. 
[0016] FIGs. 3 and 4 further illustrate stylet wires 32, 32' including a proximal 
taper zone 37-39 (that is, extending between a point 37 and a point 39) 
located within proximal segment 35-36 and a distal taper zone 38-33 
extending from distal end point 38 into curved intermediate segment 31-35. 
According to alternate embodiments of the present invention stylet wires 
32, 32' include only proximal taper zone 37-39, wherein point 37 is located 
distal to point 35 either within the curved intermediate segment 31-35, 
according to one embodiment, or within substantially straight distal 
segment 38-31, according to another embodiment. According to another 
group of embodiments, stylet wires 32, 32' include only distal taper zone 
38-33. Furthermore, it should be understood that point 33 might be 
positioned closer to point 35 than is illustrated in FIG. 3 and may even be 
coincident with point 35; likewise point 37 might be positioned closer to 
point 35 and may even be coincident with point 35. Additional features that 
may be included in embodiments of the present invention include a ball tip 
formed at distal end point 38, a specialized geometry of distal end point 38 
adapted to interface with helix driver 60 as an alternative screw mechanism 
to retract and extend helix 14, and a lubricious coating formed on stylet 
wire. 

EXAMPLE 

[0017] Explicit software packages (ProEngineer-SDRC-ABAQUS) were employed 
to mathematically model and compare two exemplary lead systems: a 
system #1 includes a lead similar to that described in conjunction with 
FIGs. 1 and 2 and pre-formed J-shape stylets according to the present 
invention; and a system #2 includes the same lead and a state-of-the art 



P-1 0040.00 



PATENT 



-6- 

pre-formed J-shape stylet. Over 40,000 3-D triangular and brick elements 
with 3-D deformable to deformable contact between the lead and stylets 
were generated to form the non-linear finite element analysis models. The 
distal end of the lead was constrained, pin-pin, while continuously dragging 
stylets for approximately 1 inch from full insertion of the stylets within the 
lumen of the lead. The material properties loaded for the stylets were that 
of 304 stainless steel. Pullout reaction forces at a distal end of the leads, as 
the stylets were removed, were determined for each system; dimensions 
describing each system, with reference to the Figures, are presented in 
Table 1 and maximum pullout reaction forces are presented in Table 2. 
[0018] TABLE 1 : Dimensions (in.) describing stylets; reference FIGs. 3-4. 



Zones/segments: 


38-31 


38-33 


33-37 


35-39 


37-39 


System #1 stylet 


s (double taper) 


Length 


0.85 (FIG. 

3,210°) 
0.55 (FIG. 

4, 180°) 


1.38 (FIG. 

3,210°) 
1.38 (FIG. 

4, 180°) 


2.02 (FIG. 

3,210°) 
2.02 (FIG. 

4, 180°) 


0.75 (FIG. 

3,210°) 
1.46 (FIG. 

4, 180°) 


0.20 (FIG. 

3,210°) 
0.20 (FIG. 

4, 180°) 


Diameter 
(same for 210° 
and 180°) 


Within 
taper zone 


Taper: 
0.007 at 38 
-0.012 at 
33 


0.012 


0.012 at 35 
-0.014 at 
39 


Taper: 
0.01 2 at 37 
-0.014 at 
39 


System #2 stylel 


s (single taper) 


Length 


0.85 (210°) 
0.55(180°) 


1.38 (210°) 
1.38(180°) 


2.02 (210°) 
2.02(180°) 


0.75 (210°) 
1.46(180°) 


0.20 (210°) 
0.20 (180°) 


Diameter 
(same for 210° 
and 180°) 


Taper: 
0.007 at 38 
-0.014 at 
31 


0.007 at 38 
-0.014 at 
33 


0.014 


0.014 


0.014 



Notes: Each stylet included a curve radius of 0.51 inch. Each lead included 



a stylet lumen diameter of 0.017". 
[0019] TABLE 2: Maximum pullout reaction forces (lb.) Normalized values are 



shown in brackets. 





180° Curved stylet 


210° Curved stylet 


System #1 


0.465 


0.335 


(double tapered 


[1.4] 


[1.0] 


stylets) 






System #2 


3.051 


5.417 


(single tapered 


[9] 


[16] 


stylets) 
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[0020] The above results indicate that stylets according to embodiments of the 
present invention produce significantly lower pullout reaction forces than 
state-of-the-art stylets and thus can reduce a probability of lead tip 
dislodgement upon stylet removal. 

[0021] It will be understood that certain of the above-described structures, 
functions and operations of the above-described embodiments are not 
necessary to practice the present invention and are included in the 
description simply for completeness of an exemplary embodiments. Thus, 
it is expected that various changes, alterations, or modifications may be 
made to the invention as described herein without departing from the spirit 
and scope of the invention as defined by the appended claims. For 
example, although the stylets modeled and presented in the EXAMPLE 
herein included two taper zones, a single taper zone, for example, either 
extending from a distal straight segment into a curved segment or 
extending from within the curved segment into a proximal straight segment, 
fall within the spirit and scope of the present invention. 



